Images of the HH 25/26 and HH 42/128 systems obtained in the emission lines of H 2 1-0 S(1), Fe II] 1.64 m, and a 2.22 m continuum lter are reported. A series of aligned H 2 knots has been discovered in association with HH 26, along with a new infrared continuum source located at the center of a previously-discovered CO out ow which may power the HH 26 knots. HIRES images from IRAS are used to investigate the structure of deeply embedded sources near HH 25 and HH 26. The infrared structure of HH 42 is compared with that seen in visible S II] emission, and it is suggested that the HH 42/128 system has been produced by episodic out ows from a source located to the southwest of HH 42. 
Introduction
The recognition that atomic jets from some young stars possess su cient energies and momenta to drive molecular out ows seen in CO (Raga et al. 1990 , Masson & Chernin 1993 , Chernin & Masson 1995 has motivated searches for the detailed mechanism(s) whereby the momentum transfer is accomplished (Russell et al. 1992 , Bally et al. 1993 , Davis & Eisloe el 1995 , Davis & Smith 1996 . One natural probe of this transfer regime is H 2 emission which typically occurs at temperatures of about 2500 K, lower than that of the optical emission (T 10,000 K) but higher than that of the CO out ows (T 20 K). Moreover, the lower extinction encountered in the infrared H 2 lines compared with visible lines allows one to probe more deeply into regions of heavy obscuration than is possible in visible light.
In this study, we present the rst infrared images of two HH systems obtained in the 2.12 m line of H 2 and the 1.64 m line of Fe II], with the aim of studying the relation of the atomic and molecular emission in these objects. A second aspect of the study is the search for exciting stars for each of the HH systems. To date, the HH 25/26 and HH 42/128 systems have been studied in the IR only with low dispersion spectra of H 2 emission, obtained at the positions of the optical images (Schwartz et al. 1995) .
Observations and Data Reduction
Infrared images of HH 26/27 and HH 42/128 were obtained on 1995 Nov 12 with the Infrared Imaging Spectrometer (IRIS) mounted on the 3.8-m Anglo-Australian Telescope (AAT). The data were obtained using a 1.3% ( / ) lter for the 1-0 S(1) line of H 2 at 2.122 m, a 1.0% lter for the Fe II] line at 1.644 m, and a 4.0 % lter centered at 2.225 m to sample the continuum. The 128 128 infrared detector used with IRIS produced { 4 { a scale of 0: 00 79 pixel ?1 at 2.122 m, 0: 00 78 pixel ?1 at 2.225 m, and 0: 00 82 pixel ?1 for the Fe II] images. For HH 26/27, a 9-point square mosaic was constructed using 60 00 o sets from a position centered at the optical position of HH 26. Exposures of 120s at each point were obtained for the H 2 and Fe II] images, and 30s exposures were obtained for the continuum images. For HH 42/128, a 5-point mosaic was constructed using 30 00 o sets to the N, S, E, and W of the optical position of HH 42. Exposures of 180s at each point were obtained in the H 2 and Fe II] images, and 45s exposures were made in the continuum lter. Observations of the infrared standard HD 37567 were made at air masses comparable to those of the HH exposures in order to achieve approximate ux calibrations.
The data were reduced using the IRIS reduction software FIGARO at the AngloAustralian Observatory (AAO). Following the application of linearity corrections and the removal of bad pixels, each frame was at-elded using dome ats obtained on the night of the observations. Sky subtraction was achieved by using the median skies obtained from the 9-point (HH 25/26) and 5-point (HH 42/128) maps, respectively. Finally, the frames obtained for each map were used to form mosaic images.
Aperture photometry was carried out on the stars and HH knots in each mosaic image using IRAF. The standard star photometry was done with an aperture diameter of 14 pixels ( 11 00 ). Stars in the HH mosaic images were measured with apertures from 6 to 14 pixels in diameter, with small apertures used on faint stars to optimize the signal to noise. Aperture correction curves were calibrated through measurements of bright stars in each image using the full range of aperture sizes. Residual background measurements for each object were extracted from an annulus chosen to avoid nearby stars. The zero points for the monochromatic magnitudes 1.64], 2.12], and 2.22] were derived assuming that, for HD 37567, H= 1.64]=8.990, K= 2.12]= 2.22]=8.993. For the small air mass di erences which occurred between the standard star and the HH exposures, an extinction of 0.05 mag per unit air mass was applied. For the emission-line ux calibrations, accurate transmission pro les obtained for each of the lters mounted in IRIS were employed to determine the % transmissions at the wavelength of each emission line relative to peak transmissions. This information, along with the measured bandwidth of each lter, was used for the emission-line ux determinations. With uncertainties in the transfer of broadband standard mags to achieve narrowband zero-points, and the additional small uncertainty in extinction corrections, we estimate that the absolute monochromatic photometry is accurate to about 0.1 mag.
To check the emission-line ux calibrations against slit measurements of the H 2 1-0 S(1) line uxes reported by Schwartz et al. (1995) Schwartz et al. Although the near-agreement of these two studies is gratifying, it could be fortuitous given that di erent telescopes, instruments, and standard stars were used in the two studies.
HH 25/26
Visible images of the HH 25/26 region reveal the objects to be relatively faint compared with their counterpart HH 24 in the NGC 2068 region (see Jones et al. 1987) . The scarcity of visible stars in the vicinity of HH 25/26 indicates that the objects are associated with a region of high obscuration. Optical spectra and images obtained by Jones et al. (1987) show HH 26 to consist of four closely-spaced, low-excitation knots (A-D), whereas the fainter HH 25 exhibits a somewhat higher-excitation spectrum. Large aperture (12: 00 6) infrared spectra { 6 { of HH 26 by Schwartz et al. (1987) shows strong H 2 emission. An earlier IR survey by Strom et al. (1976) detected two bright infrared sources near HH 26, SSV 59 with K = 8.63, and SSV 60 with K = 8.55. Because SSV 59 is located between the visible images of HH 25 and HH 26, it has been considered as the likely exciting star for these HHs. However, the CO measurements of Snell & Edwards (1982) , followed by the higher resolution work of Gibb & Heaton (1993) 60) which fell on the edge of one image, a slight mis-registration in the mosaic process led to the artifact which is evident in Fig. 2 . In contrast to the infrared images, Fig. 3 displays a visible (red) image of the HH 25/26 region from the work of Jones et al. (1987) .
Owing to the absence of any stars which are common to both the infrared ( Fig. 1) { 7 { and visible (Fig. 3) images of the HH 25/26 region, it is not possible to obtain an accurate registration of the two images. It should be noted that the faint star seen in visible light about 20 00 NE of HH 25 is not detected in the infrared images. Using the astrometric position for SSV 59 (IRS 2) of 5h 43m 31.2s, -0 15 0 22 00 (1950) reported by Cohen & Schwartz (1983) , we nd that the centroid of emission for HH 26 A-D in the H 2 image yields coordinates 5h 43m 31.1s, -0 15 0 40 00 (1950), about 2: 00 8 N of the optical position reported for HH 26 A-D by Jones et al. (1987) . Since the HH 26 A-D knot group spans at least 12 00 , it is evident that the optical and infrared positions are in substantial agreement within the uncertainty of how Jones et al. de ned the position for the extended optical structure. The HH 25 optical and infrared structures are less well-correlated. Using the SSV 59 position, IRS 1 is found to be positioned at 5h 43m 33.7s, -0 14 0 26 00 . The optical position for HH 25 (presumably component A) listed in Jones et al. places the object about 7: 00 5 W and 5 00 S of the IRS 1 position, whereas the H 2 emission knot is seen to lie about 5 00 W and 5 00 N of IRS 1. These placements of optical and infrared structures should be viewed with caution until an accurate registration can be achieved using stars in a wider-eld image. Table 1 presents monochromatic mags and colors for the ve stars in the image. Measurements of the HH knots A-D, E, F, and G with a 15: 00 8 aperture resulted in 2.12 m H 2 uxes of 7.0, 4.1, 4.4, and 1.9, respectively, in units of 10 ?16 W m ?2 . The 2.22 m continuum image in fact shows faint emission at the positions of the brighter HH knots A-D, E, and F which was determined to originate from H 2 lines within the lter bandpass. The 1-0 S(1), 2-1 S(2), 3-2 S(3), 1-0 S(0), and 2-1 S(1) lines were found to be positioned at the 5%, 32%, 96%, 94%, and 60% lter transmission levels (relative to peak transmission), respectively. Assuming shock-excited emission at about 2500 K, one predicts that the contribution of these lines as seen by the \continuum" lter should be about 35% of the 1-0 S(1) line intensity measured with the 2.12 m lter. This assumption is supported by emission-line ratioes for HH 26 A-D obtained in previous studies (Schwartz et al. 1987 , Schwartz et al. 1995 . The observed intensity ratioes of 2.22 m emission to 2.12 m emission for the knots are in fact 0.36, consistent with the value computed above. We conclude that no continuum light was detected at the positions of the H 2 knots.
Shock Characteristics of HH 26
The Fe II] 1.64 m image reveals faint emission at the position of HH 26 A-D. The optical spectra of HH 26 A-D reported by Jones et al. (1987) Hollenbach & McKee (1989) , it is evident that the relatively low H 2 shock velocities in HH 26 (indicated by the IR spectral analysis of Schwartz et al. 1995) , could not generate signi cant emission in the lines of Fe II]. Owing to uncertainties in the registration of optical and infrared images for this region, it is di cult to unravel the shock geometry. To the extent that the very faint Fe II] emission peak could be located in the image registered to the H 2 image, the Fe II] peak appears to be displaced about 1 00 W and 0: 00 8 S of the position of peak H 2 emission. This displacement is in the direction of IRS 4 (discussed below as an exciting-star candidate for the HH 26 system), and would be consistent with Mach disk emission behind a bow shock. This would suggest that the H 2 and optical emission indeed arise in di erent shocks. However, accurate registration of optical and infrared images will be required to con rm this interpretation.
The Exciting Star of HH 26
The alignment of the H 2 knots with IRS 4 suggests that this IR star could be the exciting star for the system. This is further supported by the 235 position angle of the { 9 { alignment which is close to the 250 position angle of the CO bipolar out ow found by Snell & Edwards (1982) and Gibb & Heaton (1993) , and by the fact that IRS 4 appears to lie between the red and blue-shifted CO lobes. Finally, in Table 1 , it can be noted that IRS 4 is the reddest source measured as indicated by its 1.64] -2.22] color, suggesting that it might su er excess circumstellar extinction indicative of many other HH-exciting stars.
Following the suggestion of Strom et al. (1976) that the source SSV 59 could be the exciting star for the HH 25/26 system, Cohen & Schwartz (1983) reported measurements of the source between 1.2 m and 19 m. Additional far-IR measurements of the source with the Kuiper Airborne Observatory (KAO) were reported by Cohen et al. (1984) , and a source luminosity of about 15 L was derived. Interestingly, this study found that the 100 m ux appeared to peak closer to the position of HH 25 than to SSV 59. To clarify the source structure, we have examined IRAS high resolution images (HIRES) of this region, produced by 20 iterations. The IRAS Point Source Catalog (PSC) lists two sources in the immediate region. One of the sources, 05435-0015, has a position closest to the astrometric position of SSV 59 reported by Cohen et al. (1983) . The second source (05435-0014) detected only at 60 m in the PSC, appears to be closer to the position of IRS 1 and HH 25. The HIRES images con rm this source structure, and indeed show that 05435-0014 is coincident with the position of star IRS 1 within the uncertainties of positional measurements on the HIRES images. The source is roughly twice as strong at 100 m than SSV 59, con rming the KAO photometry of Cohen et al.(1984) . In the HIRES images, SSV 59 is most prominent at 12 m and 25 m, whereas 05435-0014 dominates at 60 m and 100 m. Figure 4 exhibits the HIRES image of the sources with the 12 m image shown in greyscale and the 100 m image shown as a contour plot. Owing to the fact that 05435-0014 is an extremely cool source, and that IRS 1 is easily detectable at 2 m with only moderately red colors, it is likely that the near and far-IR emission emanates from two distinct sources.
{ 10 { Thus we are presented with a quandry. The IRAS source 05435-0014 (IRS 1?) could certainly be responsible for producing the adjacent HH 25 structure. However, there is no indication that a signi cant far-IR source resides at the position of IRS 4, the star suggested above to be the exciting source for the HH 26 string. Although it is possible that weak emission is present but confused with the extended wings of the point spread function of SSV 59, it is unlikely that the source could possess L 1L . Certainly, SSV 59 (IRAS 05435-0015) and 05435-0014 (IRS 1?) possess characteristics similar to other out ow sources. However, neither is centered upon the reported bipolar CO out ows, and SSV 59 is not aligned with the H 2 knots in HH 26. Proper motion and radial velocity measurements of the knots in HH 26 would be helpful in disentangling their origin.
HH 42 and HH 128
Contained in Herbig's (1974) catalog of HHs, HH 42 has not been identi ed with an exciting star. Ogura & Walsh (1991) reported discovery and spectrophotometry of a very faint HH complex (HH 128) about 1 0 E of HH 42. The large aperture (19: 00 6) H 2 survey of Schwartz et al. (1987) reported relatively strong emission in the 2.12 m line at the position of HH 42. Optical spectrophotometry of HH 42 was reported by Schwartz et al. (1995) , along with an IR spectrum with an E-W slit placed through both HH 42 and HH 128. Table 2 . Values designated with a colon have uncertainties in excess of 0.1 mag due to sky noise and, in the cases of IRS 3,4, and 5, proximity to another star leading to slight blending e ects. It is evident from the colors of stars in this image that it is a relatively low-obscuration region. Figure 6 shows a continuum-subtracted version of Fig. 5 Fig. 7a . The high contrast display shows very faint extended emission to the WSW of HH 42. To the ENE of HH 42, faint extended S II] structure curves to the north and west from HH 128, again reminiscent of a shock which could be generated by a ow from the WSW. The geometry of the suggested ow and shock structures is sketched in Fig. 7b . The geometry of HH 42/128 is somewhat similar to that of HH 47A/47D which shows evidence for episodic out ow events (Heathcote et al. 1996 and references therein). In this picture, HH 128 and the faint extended bow-like structure to the north and west would represent an earlier ejection, whereas HH 42 would represent a later ejection.
The S II] image was registered to the infrared H 2 image, and Fig. 8a shows a composite image with the contours representing the H 2 ux distribution, with the brightest structure within the S II] image shown as a greyscale plot. Likewise, Fig. 8b 
Shock Characteristics of HH 42
The morphological and low-excitation character of HH 42 is remarkably similar to HH 7 which Hartigan et al. (1989) interpreted as a magnetic precursor (a C-shock producing H 2 emission) leading to a low-excitation J-shock. Although the di ering radial velocities and velocity dispersions measured in HH 7 by Zinnecker et al. (1989) in the H 2 lines compared with the atomic lines lend support to the Hartigan et al. model, the more detailed magnetic precursor/J-shock models of Curiel (1992) present some di culties if the model is to be applied to HH 42. First, the somewhat ad hoc assumption of a linear temperature and density increase from the front to the back of the C-shock results in the H 2 emission being heavily weighted by the high temperature end of the shock. As a result, the 2-1 S(3)/1-0 S(1) H 2 emission line ratio is predicted to be 0.4, whereas Schwartz et al. (1995) measured a ratio 0.1 in HH 42 which is more typical of a molecular J-shock (Hollenbach & McKee 1989) . Second, in the Curiel model, the C-shock and J-shock would not be expected to be resolved spatially at the distance of HH 42. The model predicts a ratio Fe II] 1.64 m/H 2 1-0 S(1) 1.9 for shock parameters which produce the amount of H 2 and H emission observed. However, our Fe II] image fails to show Fe II] emission coincident with the H 2 bow shock, although Fe II] is de nitely present in the putative Mach disk (see Fig. 8b ). At the same time, the deep S II] image (Fig. 7a) indicates that there is considerable S II] emission coincident with the H 2 bow shock. These features are consistent with the Hollenbach & McKee fast molecular J-shock models for a preshock density of 10 3 cm ?3 and shock velocities in the range 40{50 km sec ?1 . Alternatively, iron could be severely depleted onto grains in the precursor/J-shock model. An additional complication which must be considered in a detailed model is the bow shock geometry which leads to decreasing excitation along the extended bow wave. Observations of both atomic and H 2 emission line velocity dispersions and radial velocities in HH 42 will be necessary to distinguish between precursor/J-shock models and the fast molecular J-shock models.
{ 13 {
The Exciting Star of HH 42/128
None of the stars identi ed in Fig. 5 have very red colors indicative of HH-exciting stars, nor are any listed in the IRAS PSC. In an e ort to identify the potential exciting star of the HH 42/128 system, we have examined HIRES IRAS images of a larger region surrounding HH 42. A large active star formation region lies to the SW in the northern reaches of the Orion Nebula. The closest IRAS source to the SW of HH 42 is 05332-0510, positioned about 6: 0 5 in position angle 226 from HH 42. The source could be associated with the Orion variable V388 Ori which falls within the positional errors of 05332-0510. The HIRES images of 05332-0510 show bright, extended emission encroaching upon the position of the source from the west and south, so the source remains somewhat ill-de ned. A second bright IRAS source, 05329-0512, is listed with a 22.8 Jy detection at 12 m in the PSC, but with only limiting uxes at the longer wavelengths. The HIRES images reveal a strong source at this position, clearly peaked above the surrounding extended emission in each of the IRAS bands. This source is located about 11: 0 1 in position angle 240 from HH 42. These exciting-star candidates would fall about 0.9 pc and 1.5 pc, respectively, from HH 42 at the 470 pc distance of the Orion star-formation region. Only recently has it been recognized that some HH objects lie at distances greater than 1 pc from their exciting stars (see, for example, Ogura 1995), so these IRAS sources can be considered as viable exciting-star candidates.
We have also examined the HIRES images of the immediate area of HH 42. Whereas there is no sign of detection of HH 42 at 12 m , 25 m , or 100 m , a clear detection is present at 60 m. This is undoubtedly emission due to the 63 m emission line of O I] measured in HH 42 by Cohen et al.(1988) . It can be noted that Cohen et al. modeled this emission with a combination of C and J-shocks, which would support a magnetic precursor/J-shock model. A composite HIRES image of the immediate region of HH 42 is shown in Fig. 9 with the 60 m image in greyscale and the 100 m image as a contour plot. Part of the apparent 60 m double-source structure NW of HH 42 may be identi ed with the IRAS source 05334-0504. Although the PSC lists only a 12 m detection for this source, the HIRES images show the source at 60 m, with no obvious detections at 12 m and 25 m. The 100 m image (contours) shows a source located between the 60 m sources. Although this source (or sources) is not situated in a manner to account for the geometry of HH 42, it could be related to the object HH 41 which is located only 42 00 to the SSE of 05334-0504.
Summary
Within the uncertainties ( 2 00 ) imposed by the indirect registration of the optical and infrared images of the HH 25/26 region, there appears to be a close correlation in spatial extent of the visible and H 2 images of HH 26 A-D. Although a more accurate registration of the infrared Fe II] and H 2 images suggests that the Fe II] peak emission may be displaced by about 1 00 in the direction of a possible exciting star (IRS 4) relative to the peak H 2 emission, the marginal nature of the Fe II] detection makes this conclusion questionable. Certainly the alignment of knots A-D with the newly identi ed knots E, F, and G and IRS 4, in combination with the CO out ow data, indicates that IRS 4 is a candidate exciting star for the system. However, problems with this interpretation remain since IRS 4 does not show the far-infrared signature typical of most HH exciting stars, whereas the nearby sources SSV 59 and IRS 1 do possess signi cant far-infrared emission.
In the case of HH 42, accurate registration of a visible S II] image with the infrared Fe II] and H 2 images shows evidence for a low-excitation bow shock with emission dominated by H 2 and S II]. The spatial o set of peak Fe II] and S II] emission from the apparent H 2 -dominated bow wave suggests the presence of Mach disk emission. Extended structure seen in S II] suggests that HH 128 may be associated with an extended bow wave which precedes HH 42, indicating episodic ejections. Molecular material is evidently being swept up by a ow which is advancing from the WSW. With the data in hand, a fast molecular J-shock model appears to be preferable to the magnetic precursor/J-shock model for HH 42, although radial velocity and velocity dispersion data will be required to further assess the models. Examination of HIRES images of the IRAS database reveal possible exciting sources at some distance from the HH 42/128 system. Proper motion and radial velocity data on these systems will be necessary to con rm the sources of the out ows.
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{ 18 { Fig. 1 .| Mosaic image of the HH 25/26 complex obtained with a 2.12 m H 2 lter. In this and subsequent gures, North is up and East is to the left. At the resolution and contrast level of this image, the knots HH 26 A-D (see the visible image in Fig. 3 ) appear spatially blended. Fig. 2 .| A continuum subtracted version of Fig. 1 showing the prominent H 2 emission associated with the HH 26 knots. The H 2 emission associated with HH 25 is faint and di use, extending to the W and N of IRS 1. Fig. 3 .| A photographic red image of the HH 25/26 region obtained with the ESO 3.6 m telescope (Jones et al. 1987) . The di use structures between HH 26 and HH 25 are re ection nebulae, presumably from SSV 59 (IRS 2). No visible emission is seen from knots E, F, and G in HH 26, nor from the faint H 2 emission region which lies immediately to the NW of IRS 1 and between HH 25A and HH25B (see Fig. 2 ). 
